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SPECIFICATION 

1 Title of the Invention 

A METHOD OF MANUFACTURING A SEMICONDUCTOR DEVICE 



Claim 
1 



A method of manufacturing a semiconductor device 
which forms an intrinsic or substantially 
intrinsic semiconductor layer in advance on the 
inner wall of a reaction chamber or on a region where 
semiconductor layers are formed when a 
semiconductor device having at least one junction 
is formed on a substrate placed in said reaction 
chamber by plasma CVD. 

The method of manufacturing a semiconductor device 
of claim 1. wherein the intrinsic or substantially 
intrinsic semiconductor layer is formed with 
electromagnetic energy in the range of P 0 -10W to 
Po+30W. where PO is electromagnetic energy used for 
manufacture of a semiconductor device having 
junctions . 

The method of manufacturing a semiconductor device 
of claim 1 . wherein the intrinsic or substantially 
intrinsic semiconductor layer forms a 
semiconductor device having junctions. 
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3 Detailed Description of the Invention 

This invention relates to a method of manufacturing a 
semiconductor device having good repetition and character. 

The present invention comprises the step of forming a film 
for coating an intrinsic or substantially intrinsic 
semiconductor layer (hereinafter called as I layer), or not 
necessarily I layer but a film of the same conductivity type 
as that of the layer to be formed next, between each the step 
of forming a first semiconductor device having P type or N type 
semiconductor layer inside of the reaction chamber by a plasma 
CVD, and the step of forming a P type or N type semiconductor 
layer to be formed next, thus preventing re-exhaustion of the 
N type or P type impurity of the first semiconductor device from 
the inwall and/or substrate holder of the reaction chamber, 
which causes contamination in the film to be formed next by the 
impurity concentration of 10 15 to 10 18 cnT 3 . Thus the present 
invention is aimed at substantially eliminating the effect of 
the semiconductor layer formed in the former step in the past . 

The present invention is also aimed at providing the 
process of removing the objects adhered to the surface of the 
inwall of the reaction chamber and the substrate holder and the 
like in the semiconductor layer formed in the former step, by 
utilizing a reactive gas such as CF 4 into plasma. 

The present invention is characterised in that RUN-TO-RUN 
is repeated well and with less characteristic dispersion, and 
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the character to be obtained is made excellent. 

The present invention is further aimed at forming a 
semiconductor layer being intrinsic or substantially intrinsic, 
such as a non- single crystal silicon on the surface of the inwall 
of the reaction chamber, on the surface of the semiconductor 
device having at least a connection especially PIN, PI or PN 
on the substrate provided in the reaction chamber in advance, 
in order to prevent impurities, especially oxygen and alkali 
metal atoms from being emitted from the inwall of the reaction 
chamber, espacially from the inwall to which plasma atoms or 
a reaction gas clashes. 

In the present invention, in order to prevent re-emission 
by the coating which substantially eliminates the emission, the 
semiconductor layer is formed in the range of P 0 -10W (at least 
5W) to P 0 +30W, and To-50C to T 0 +50C, wherein P 0 being like 5 to 
100W. and To being like 200 to 320 C, or preferably under the 
same or approximately same condition as P 0 and T 0 , where P 0 is 
electromagnetic energy, and Ta is temperature needed for 
formation of a semiconductor layer, thus aiming at forming the 
semiconductor layer by the thickness of 0.2 to 1. 

The plasma CVD method, a semiconductor device having a 
PIN connection and the like were used to be formed in a reaction 
chamber. However, when this connection is repeatedly 
performed, degradation and dispersion which is not totally 
known is made, and only semiconductors which did not have 
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appropriate reliability were made. 

The cause of this was studied, and it was known that it 
was oxygen and alkali metal adhered to the reaction chamber that 
contaminated the semiconductor layer and caused degradation of 
electric conductivity. As to oxygen, even though 

contamination was 1 PPM, dark conductivity was decreased from 
lO'^Qcm)" 1 to even 10" 8 (Qcm) _1 . which was 1/100. 

As to alkali metal, at the contamination of 5 PPM, it 
caused decrease of conductivity of P type, I type, or decrease 
of electric conductivity of a transparent conductive film. 

To prevent this contamination, it was necessary to form 
a semiconductor layer by 0.2 to 2 thickness on the inwall of 
the reaction furnace and the substrate holder (it is also called 
as boat) , especially on parts to be sputtered by a reactive gas , 
to make a coating. Concerning degradation of repetitive 
character, if an N or P type semiconductor is formed in the last 
process and a P or N type semiconductor layer is formed in the 
next first process, the first impurity such as phosphorus was 
contaminated in the P type semiconductor layer, by the 
concentration of 10 15 to 10 18 cm" 3 . As a result, even if boron 
and the like is added by the concentration of 10 18 to 10 21 cm" 3 
in the P type semiconductor layer to make a P type layer, 
characteristic of its electric conductivity was very bad 
because re -combination centers increased by the contamination 
of phosphorous. Compared with 10" 2 to 10 +1 ( Gem)" 1 , in the case 
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without the contamination, it was just 10" 6 to 10" 4 ( Qcm)" 1 , which 
was 1/100 to 1/1000. It was not preferable for a PIN type 
photoconductive conversion device, because efficiency of 2 to 
4% was obtained with much dispersion as 200% by each run. 
However, in the method of the present invention, high conversion 
efficiency of 8 to 10%, which is approximately 3 to 5 times more 
than that before. 

To decrease this effect of impurity oxygen doping, a 
patent application by this inventor, 56-55608 (original display 
53-152887, filed on December 10, 1978) is known. In this 
invention, separated reaction chambers are made for each P layer, 
I layer, and N layer, and a substrate is deposited with films 
by transferring the substrate from one chamber to another. In 
this method, the same condition as this invention can be 
obtained, and very desirable electric character can be obtained. 
However, in that case, the apparatus is three times bigger than 
that of the apparatus comprising a chamber, and manufacturing 
cost is 2.5 to 3 times more expensive. Moreover, there were 
weak points such that this method was not for mass production. 

This invention is effective for such reaction chamber, 
especially effective for a horizontal furnace. Moreover, this 
invention is particularly effective in producing many 
semiconductor devices on a substrate, and including 
depreciation of the apparatus per a semiconductor device, 
production cost can be made as 1/100 of that of the vertical 
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type reaction chamber. That is, the present invention mainly 
relates to a method utilizing a reaction chamber or a reaction 
cylinder (10 to 30cm, 1 to 5m in length) disposed horizontally 
for such mass production. 

A pair of electrodes for supplying electromagnetic energy 
which makes a reactive gas into plasma are provided around this 
cylinder, and a heating apparatus is provided surrounding this 
reaction cylinder and said electrodes, in order to have a 
reactive gas flow in the reaction chamber in the longitudinal 
direction of this reaction chamber, and substrates are disposed 
along the flow of this gas. 

It is mainly mentioned that substrates are disposed in 
parallel with or in vertical with the electromagnetic field in 
the reaction chamber produced by a pair of electrodes, the 
substrates are disposed in a plurality of steps or rows, thus 
films, especially semiconductor films such as silicon, silicon 
carbide, silicide germanium, germanium, that is, element of 
value 4, are deposited on the face to be deposited of substrates 
of 2 to 20cm square, such as 10cm square, which are disposed 
in 20 steps and 20 rows, which are 400 pieces in total. 

The present invention relates to a plasma CVD, wherein 
a reactive gas comprising hydride or halide (silicide carbide 
gas), silicide gas like silane (Si n H 2n+2 , n 1), or hydrocarbon 
like acetylene is utilized to form a film mainly comprising 
non- single crystal silicon carbide, silicon or carbon under 
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reaction chamber pressure of 0.05 to 1 torr. and temperature 
of 100 to 400 C. 

In the present invention, impurity gas including B , Al , 
Ga, In being impurities selected from Group III of the Periodic 
Table, such as phosphine (PH 3 ) or arsine (AsH 3 ) is gradually 
added and P type layer, I type layer, and N type layer are 
deposited in the order of PIN adhering on the substrate having 
a face to be coated, thus the present invention is aiming at 
repeating this process and depositing such layers stably. The 
present invention is further aimed at forming a non- single 
crystal semiconductor layer such as a semiconductor of 
amorphous structure (called as As), semiamorphous having 
micro-crystal character of 5 to 100 (semi-non-crystal, 
hereinafter called as SAS) . or micropolycrystal of 5 to 200 
(micro-poly-crystal, hereinafter called as PC). In the case 
that stronger electromagnetic energy is applied, the surface 
of the substrate is likely to become sputtered amorphous 
structure with a lot of electric defects. 

It is characteristics that the substrates are separated 
from each other by 10 to 40mm, especially 20 to 25mm. Even in 
the case high energy of 200 to 500W is needed for plasma reaction, 
by controlling the distance between the substrates, the 
distance which obtains substantial plasma energy of this 
species on the faces to be coated is controlled. Even in the 
case that high energy above mentioned is applied, the present 
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invention has the same characteristic as the case when a film 
is deposited by substantially small power of 2 to 20W. 

Therefore, in the present invention, a material having 
Si-C connection is utilized as a starting material in producing 
SiC (Sixd.x. 0<x<l). That is, a reactive gas such as hydride 
or halide having carbon -silicon connection, such as 
tetramethylsilane (Si(CH 3 ) 4 ) (simply called as TMS) , 
tetraethylsilane (Si(C 2 H 5 ) 4 ). Si(CH 3 ) x Cl, x (1 X 3) Si(CH 3 )xH 4 -x 
(1X3) is utilized to have Si-C connections easily in the 
product . 

In obtaining a film mainly comprising silicon, silane of 
Si n H 2n+ 2 (n 1), SiF 4 or mixed gas of them were utilized. In 
obtaining carbon, acetylene (C^) or ethylene (C 2 H 4 ) was mainly 
utilized. By doing so, silicon (Si), silicon carbide (SixCi-x 
0<x<l), or carbon (C) (because addition of these can be shown 
as Sixd-x (0 X 1), hereinafter silicon carbide means Si x Ci-x (0 
XI) is formed. 

Impurities selected from Group III or Group V of the 
Periodic Table are added to this, and P type, I type (intrinsic, 
or substantially intrinsic without artificial addition of 
impurities including auto-dope), furthermore N type 
semiconductor or semi -insulator were formed. 

By the use of this reactive gas, a film can be formed at 
0.01 to 10 torr at 1 atom or less in the reaction chamber, 
typically under pressure of 0.3 to 0.6 torr and electromagnetic 
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energy of 50W or less, for example, under 0.01 to 100MHz, 
especially 500KHz or 13.56MHz. That is, a low-energy plasma 
CVD apparatus can be made. 

In a high energy plasma atmosphere of 50 to 500W, silicon 
carbide is made into micro-crystal. As a result, if boron or 
phosphorous is added by 0.1 to 5% [here ratio of (BH or 
PH)/( carbide gas or carbide silicide gas + silicide gas) is 
expressed by percent] , and electric conductivity of 10" 9 to 10' 3 
(cm)" 1 could be increased as to approximately 1000 times more, 
which is 10 -6 to 10 +2 (cm)" 1 . 

Furthermore, silicon carbide obtained by utilizing this 
high energy method could make what is called SAS structure 
having micro-crystal structure of 5 to 200A. Ionization rate 
that P or N type impurities to be acceptors or donors of this 
SAS was 97 to 100%, and all added impurities could be activated. 
The plasma vapor phase method of this invention is explained 
according to figures . 

Fig.l shows a summary of the plasma CVD apparatus 
utilizing the present invention. 

In Fig. 1 , a substrate 1 having a face to be coated is held 
by a square quartz holder. In the figure, there are 14 pieces 
in total, which are in seven steps and two rows. Substrates 
and holders are provided in advance from an entrance 30 to the 
other chamber 29 in the front of the reaction chamber, and is 
vacuumed by a valve 32 and a rotary pump 33. A closing door 
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34 is opened, and the substrate and holder are introduced into 
the reaction chamber by an automatic transferring apparatus, 
and a mixing plate 35 for a mixer is disposed at the same time. 
These movements are performed under vacuum condition in the 
reaction chamber and another chamber, and any mixture of oxygen 
(air) into the reaction chamber is prevented. By closing the 
closing door 34 . as is seen in the Figure . a substrate is disposed 
between electrodes 9 and 10 . 

Each substrate is disposed with spaces of 10 to 40mm, 
typically 20 to 25mm. A reactive gas along this holder is made 
as laminar flow by providing a mixer 8 in fromt of a reaction 
chamber 25. This reactive gas is made to be equally injected 
to spaces between the substrates. The face to be deposited is 
a side face of substrates adhered to one another on the lower 
side or back side and which are vertically disposed. 

The figures shows a structure of the reaction system seen 
from above, and substrate 1 are vertically disposed with their 
back sides adhered to one another. To remove flakes downward 
by using gravity like this is very important in considering mass 
production yield. 

In the reaction chamber 25 to which the substrates 1 are 
inserted, a pair of electrodes 9 and 10 are disposed upside and 
downside, or right and left, so as to have field of 
electromagnetic energy to these substrates in vertical or in 
parallel (especially if the electromagnetic energy is applied 
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to the substrates in parallel, homogeneous films can be easily 
made) with the substrates, as in Fig.2A or B, especially like 
B . An electric furnace 5 is provided outside of the electrodes , 
and the substrate 1 is heated at 100 to 400 C, typically 300 
C. 

As to a reactive gas, a carrier gas of hydrogen or helium, 
such as helium is introduced from 13 , diborane being an impurity 
selected from Group III is introduced from 14, phosphine being 
an impurity selected from Group V is introduced from 15, and 
silane being an impurity selected from Group IV is introduced 
from 16. 

By the use of a reactive gas TMS 20 having carbon- silicon 
connection, it is kept in a stainless vessel because it is liquid 
in the primary stage. This vessel is controlled at a decided 
temperature by an electron constant temperature bath 21. The 
boiling point of this TMS is 25 C, and a rotary pump 12 exhausts 
the reaction chamber through a valve 11, and the reaction 
chamber is kept at 0.01 to 10 torr, especially 0.02 to 0.4 torr. 
By doing this, TMS can be made into gas by a low pressure without 
heating it, as a result. 

Compared with the method of emitting a reactive gas by 
bubbling the chamber 21 as the conventional method, this method 
of introducing vaporized TMS with 100% concentration through 
a flowmeter can control flow more accurately, and is technically 
important . 
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If the flowmeter is practically stopped up, helium is 
introduced from 24 in the figure. 

In removing a reaction product adhered to the inwall of 
the reaction cylinder 2 5 or the holder 2, CF 4 or CF 4 + 0 2 (2 to 
5%) is introduced from 17, electromagnetic energy is applied, 
fluorine radicals are produced, vapor phase etching is 
performed, and thus the reaction product is removed. In this 
plasma discharge, a space reaction is mainly utilized. After 
a reactive gas is mixed through a mixing chamber 8, it is 
decomposed or reacted in an enhance chamber 26, and a reaction 
product is formed on the substrate. As to electromagnetic 

energy, DC current or high frequency from an electric source 

4 is mainly utilized. 

Like above mentioned, a silicon carbide film is formed 

on the face to be deposited . For example , substrate temperature 

is 300 C, output of high frequency energy is 25W, flow of silane 

or TMS is 50cc/minute, and He as a carrier gas is 250cc/minute . 

At 5 (reactive gas/He), film deposition speed of 160A/minute 

is obtained. 

In this film formation, reaction products with 
thicknesses needed for PIN connection, PN connection, PI, NI 
connection, PINPIN connection are deposited on the substrate 
one by one . After formation of a film of the face to be coated 
is finished, and after a reactive gas is fully purged from the 
reaction cylinder , the closing door is opened . The mixing board 
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for mixer 35, a substrate on a jig 3 are transferred to the other 
chamber 29 by an automatic pullout pipe, while making the 
reaction cylinder and the other chamber in vacuum. After 
closing the closing door 34 , the valve is opened and air is filled 
from 31 in the other chamber to make it an atmospheric pressure. 
Then the jig and the substrate to which a film has been deposited 
are taken outside. 

As is clear from above mentioned embodiment, it is 
characteristic in the present invention that after a reactive 
gas is mixed by the mixer 8, this gas is flown to the exhaustion 
opening 6 in laminar flow (from the standpoint of micron view, 
it moves at random when it is made into a plasma) and a film 
is formed on the face to be deposited in parallel with this flow. 
It is also characteristic that in making a plasma by a glow 
discharge method, its electrode is disposed outside of the 
reaction cylinder, and a plasma is made to be produced equally 
on many substrates. 

In forming films, if a reaction cylinder is made long to 
have substrates in 20 steps and 20 rows, which is not like 7 
steps and 2 rows in the figure, it is important to make pressure 
low as 0.2, 0.1, 0.05 torr, not like 0.4 torr, in order to make 
films homogeneously, especially to obtain equality in the film 
quality, especially equality in the front row and in the end 
row. It is also essential to have the other chamber and to have 
processes in the air through this chamber, in order to prevent 
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oxide gas such as oxygen which is hard to control from being 
contaminated in this reaction cylinder. It is effective in 
obtaining repetition of character of the obtained films. 

Fig. 2 shows relationship of the position of the substrate 
1 seen from the exhaustion opening 6 and the electrodes 9 and 
10. In the figure, $ shows horizontal electromagnetic field 
caused by electrodes 9 and 10. In this case, the number of the 
substrates to be introduced at a time can be increased. In 
Fig.2B, both electromagnetic field by the electrodes 9 and 10 
and the substrate 1 are disposed vertically. The number of 
disposed substrates is twice as many as that of $ . Fig. 3 shows 
an operation process chart of the method of manufacturing a 
semiconductor of the present invention. 

In the figure, 49 being "0" shows the reaction chamber 
kept at 0.01 torr or less by vacuuming. 40 being "1" shows 
coating of silicon or silicon carbide to the reaction chamber, 
reaction cylinder, or the holder in the present invention. This 
coating specifically are B and C in Fig. 3. In Fig.3B, the 
reaction chamber is vacuumed by 49 at 0.01 torr or less, and 
kept for 10 to 30 minutes. Then plasma cleaning is performed 
by hydrogen by electromagnetic energy for 0 to 30 minutes at 
output of 30 to 50W. Adhesion, water, and oxygen is removed. 
Furthermore. after removing this hydrogen, helium is 
simultaneously made into plasma by 51 at output of 30 to 50 W. 
for 10 to 30 minutes, and hydrogen on the surface is removed. 
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In production of this hydrogen plasma 51, if HC1 or CI is added 
to hydrogen by 1 to 5% concentration, chlorine radicals are 
simultaneously produced. This radical has an effect of 
absorbing alkali metal like sodium existing inside of the holder 
made of quartz and the like . Therefore concentration of sodium, 
water, oxygen in the background level can be made as 10 14 cm' 3 
or less in the formed film. This is a very important 
pretreatment process. 

In the case of adding chlorine like this, removal by 
sputtering by inactive gas 51 is effective for removing chlorine 
left and absorbed in this inwall. 

After vacuuming this system after this process, silane 
being silicide gas or TMS being carbide silicide is introduced, 
and is decomposed by a plasma energy, and a film is deposited 
by 0.1 to 2 thickness, typically 0.2 to 0.5 thickness. As 
another good result, the film is deposited thickly especially 
on a region to which high electromagnetic energy is applied, 
that is. on a region in which impurities are subject to be 
re -emitted. 

Even in the case of not performing complicated 
pretreatment process in this invention, silicon or silicon 
carbide is formed at 52 by 0.1 to 2 thickness in the same way, 
while re-emission of oxygen and alkali from the inwall of the 
reaction chamber is effectively prevented. In Fig. 3A. coating 
of the substrate and vacuuming of the system 41, formation of 
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an I type semiconductor layer 43, formation of an N type 
semiconductor layer 44 is performed, and a first semiconductor 
layer is formed in 48 . Naturally this semiconductor device must 
be formed in a device design having at least one connection such 
as PI, NI, PIN, PN as above mentioned. 

To prevent effect of the process 44 utilized in the first 
formation of the semiconductor device from causing effect on 
the next run, I type semiconductor layer shown in 46 or a 
semiconductor layer being the same as the semiconductor layer 
shown in 42 ' is coated on the substrate in the reaction system 
to which the reaction chamber only or the reaction chamber and 
the holder are inserted. Details are shown in Fig. 3 B, C, D, 
and E. In Fig.3B, vacuuming 49, hydrogen plasma discharge 50, 
helium plasma process 51, a process of forming a semiconductor 
layer in the first process of run of the semiconductor device 
52 are shown. However, because this 50 and 51 have been already 
performed in 46 in A, formation of a semiconductor layer by 0 . 1 
to 2 thickness is enough at 52 in C. 

To lose effect of formation of semiconductor device 40 
in the former process, that is, to lose effect of the run before, 
plasma etching process shown in D and E can be performed. In 
Fig. 3 D or E, after vacuuming 49, CF or CF + O (approximately 
5%) is introduced from 17 in Fig.l, and plasma etching 53 is 
performed for 20 minutes to 1 hours. Vacuuming is performed 
again, and hydrogen plasma treatment 50 is performed for 10 to 
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30 minutes to remove residuals of C and F, and then a 
semiconductor layer of I type or of the same conductivity type 
and component as that of the semiconductor layer 42' of the first 
run in the next process is formed on this I layer by 0.05 to 
0.5 thickness. This method can most thoroughly guarantee 
repeatability . 

As an easy method, vacuuming of 49 shown in E, plasma 
etching 53 and removal of residual absorbed gas 50 is performed. 
In this method, it is made possible to prevent mixture of P or 
N type impurities with each other between the last process 44 
of formation of the first semiconductor device 48 and the first 
process 42 of the next process 48. It is also possible to 
prevent mixture of additives at 44 like carbon or germanium at 
42. 

Fig. 4 shows a result of valuation of the effect of the 
method of the present invention. Fig. 4 is a result of the 
photoelectric conversion device produced by utilizing the 
method of the present invention. In this case, a multilayer 
substrate comprising ITO deposited by 500 to 2000 thickness on 
metal such as stainless substrate or glass being a translucent 
substrate, and tin oxide or antimony oxide deposited by 100 to 
500A thickness thereon is utilized. On this substrate, PIN 
structure is formed. P type silicon oxide (Si x Ci- x 0x1) (x=0.3 
to 0 . 5 for example) is deposited by 0.4 to 0.7 thickness. Upon 
this, intrinsic or substantially intrinsic silicon of AS or SAS 
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is deposited by 0 . 4 to 0 . 7 thickness . Further upon this , N type 
silicon oxide (Si x d- X 0x1) (x=0.3 to 0.5) is deposited by 100 
to 300A thickness. Design of this P, I, N type semiconductors 
correspond to 42, 43, 44, 4 2'... in the chart of Fig.3A. 

After that, a photoelectric conversion device is made by 
forming an aluminum metal film by vacuum deposition method. Its 
conversion efficiency is shown in Fig.4A. If pretreatment is 
not utilized at the condition of AMI (100mW/cm 2 ), 3% of 71 is 
obtained, and if pretreatment is not utilized, value of 70 is 
obtained. If intermediate process 46 is added, efficiency of 
run (by date of formation) is 60. If nothing is added, 61 is 
obtained. 60 can obtain efficiency of 11 to 9% but efficiency 
is just 1 to 4% if the method of the present invention is not 
used. If the area of this cell is made as 100cm 2 , efficiency 
of 7 to 9% can be obtained, but efficiency is just 0 to 3% if 
the method of the present invention is not used. Especially 
those cells which does not have diode character is 30% or more, 
and it is impossible to produce good cells. 

Fig.4B shows the value of electric conductivity when an 
I type silicon semiconductor is formed by the process of forming 
a P type semiconductor especially on the surface. In the case 
of forming a P type semiconductor in the first process and no 
pretreatment of intermediate treatment of the method of the 
present invention is performed, electric conductivity by light 
radiation of AMI is 65. There is a case when electric 
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conductivity is in reverse to dark conductivity. Its value is 
dispersed a lot, from 10" 6 to 10~ 4 . On the other hand, in the 
case that the pretreatment of the present invention is performed 
light conductivity 70 and dark conductivity 70' is obtained. 
In the case that intermediate treatment is performed, light 
conductivity 62, and dark conductivity 63 is obtained. These 
show how important it is to prevent doping effect in the present 
invention. 

As is clear from above mentioned explanation, the present 
invention supplied a producing apparatus and a producing method 
which are very important in producing not only a photoelectric 
conversion device or a light emitting element , but also in 
producing various kinds of semiconductor devices such as a field 
effect semiconductor device and a photo-sensor array. This 
invention is particularly appropriate for mass production, 
because non- single crystal semiconductor films can be formed 
on 100 to 500 pieces of substrates in the same time spent for 
forming 4 pieces of 10cm by the conventional vertical type 
plasma CVD apparatus . The electrode structure or arrangement 
of substrate in the present invention enables conversion 
efficiency of 10% or more in a photoelectric conversion device 
having a PIN structure and an excellent film equality. 

In the present invention, silicon carbide (Si x Ci- x 0 x 
1) is mainly written. If germanium is utilized as a reactive 
gas, Si x Gei_ x (0x1) can be obtained. It is also possible to 
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obtain what is called a tandem structure, with the first PIN 
structure comprising silicon and silicon carbide, and the 
second PIN structure with silicon and germanium silicide. 

In the present invention, a horizontal plasma CVD 
appratus shown in Fig.l is mainly shown. However, the present 
invention is also effective even if the electrodes are made as 
dielectric, or a plasma CVD apparatus utilizing arc discharge 
is utilized. A vertical, or horizontal verger type plasma CVD 
apparatus can also embody the method of the present invention. 

BRIEF EXPLANATION OF THE PRESENT INVENTION 

Fig.l shows a plasma vapor phase apparatus of the present 
invention . 

Fig. 2 shows a part of Fig.l. 

Fig. 3 utilizes the apparatus in Fig.l, and is a chart 
showing the case the plasma vapor phase method of the method 
of the present invention is utilized. 

Fig.4A is efficiency of the photoelectric conversion 
device obtained according to the chart in Fig . 3 . B shows 
another report of doping prevention effect of the method of the 
present invention. 
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